Background: Rare copy number variations (CNVs) were involved in the etiology of neuropsychiatric disorders, and some of them appeared to be shared risk factors for several different diseases. One of those promising loci is the CNV at 15q11.2, including 4 genes, TUBGCP5, CYFIP1, NIPA2, and NIPA1. Several studies showed that microdeletions at this locus were significant associated with schizophrenia. In the current study, we investigated the role of both rare CNVs and common single nucleotide polymorphisms (SNPs) at 15q11.2 in schizophrenia in the Chinese Han population. Methods: We screened deletions at 15q11.2 in 2058 schizophrenia patients and 3275 normal controls in Chinese Han population by Affymetrix 500K/6.0 SNP arrays and SYBR green real-time polymerase chain reaction and then validated deletions by multiplex ligation-dependent probe amplification and Taqman real-time assays. We successfully genotyped 27 tag SNPs in total and tested associations in 1144 schizophrenia cases and 1144 normal controls. Results: We found a triple increase of deletions in cases over controls, with OR 5 4.45 (95% CI 5 1.36-14.60) and P 5 .014. In the analysis of common SNPs, we found that the most significant SNP in schizophrenia was rs4778334 (OR 5 .72, 95% CI 5 0.60-0.87, allelic P 5 .0056 after permutation, genotypic P 5 .015 after permutation). We also found SNP rs1009153 in CYFIP1 was associated with schizophrenia (OR 5 0.82, 95% CI 5 0.73-0.93, allelic P 5 .044 after permutation). Conclusion: We found that both rare deletions and common variants at 15q11.2 were associated with schizophrenia in the Chinese Han population.
Introduction
Schizophrenia is a severe mental disorder marked by hallucinations, delusions, cognitive deficits, and apathy, with a heritability estimated at 73%-90%. 1 Recently, copy number variations (CNVs) have been found to present throughout the human genome. [2] [3] [4] [5] [6] [7] CNVs, especially rare ones, have emerged as important risk factors for a number of major psychiatric disorders including schizophrenia, autism, and mental retardation. 8, 9 CNVs on chromosomes 15q11.2, 15q13.3, 16p11.2, 22q11, and NRXN1 have been reported to be associated with a broad range of psychiatric phenotypes. [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] The 15q11-13 region is one of the most complicated, unstable, and variable regions of the human genome. It harbors multiple low copy repeats which probably mediate the diverse range of deletions, duplications, and inversions in the region. Two well recognized syndromes, PraderWilli syndrome (PWS) and Angelman syndrome (AS), appear to share the same distal breakpoint (BP3) at 15q13.3 among all cases, whereas the proximal breakpoints differ (BP1 and BP2 at 15q11.2). [20] [21] [22] Another study 22 concluded that AS children with the deletion including 15q11.2 were more likely to meet criteria for autism, had lower cognitive scores and lower expressive language scores. The deletions, which affected genes CYFIP1, NIPA1, NIPA2, and TUBGCP5, were reported in one AS case with mental retardation and severe speech impairment. 23 Moreover, PWS with deletions of this region were associated with increased risks of preservative/obsessive-compulsive behavior, deficits in adaptive skills and lower intellectual ability. 24 Thus, the autistic features in AS and the preservative behavior of PWS may arise from deletion of the genes in the proximal portion at 15q11.2.
Recently, Stefansson et al 19 found microdeletions at 15q11. 2 (chr15: 20306549-20777695 ) to be associated with schizophrenia in Caucasian population. Moreover, deletions at this locus were 2-fold excess in cases more than in controls in the analysis of the International Schizophrenia Consortium (ISC) data 14 although this region was filtered out because deletions and duplication affected >1% of the sample. Data from Kirov et al 25 also showed a trend for support. However, there was no support for this locus in a Japanese study, in which the authors found 3 deletions in 543 controls and only 1 deletion in 519 cases. 26 CNV data in the Molecular Genetics of Schizophrenia Study 27 also revealed no increase in frequency of deletions at 15q11.2 in cases. There are still some uncertainties for the association.
In our study, we tried to investigate the susceptibility of both CNVs and tag single nucleotide polymorphisms (SNPs) at 15q11.2 (chr15:20.3-20.8 Mb; March 2006 (hg18) assembly, University of California, Santa Cruz Genome Browser; the region covered by the 4 genes) in schizophrenia in the Han Chinese population.
Methods

Subjects
CNVs were screened in 2058 schizophrenia cases (1152 males and 906 females with mean age 35.5 6 7.5 y) and 3275 controls (1695 males and 1580 females with mean age 30.9 6 11.1 y) in our analysis panel.
Tag SNPs were genotyped in 1144 schizophrenia cases (636 men and 508 women with mean age 35.4 6 7.2 y and mean onset age 20.4 6 8.7 y) and 1144 controls (378 men and 766 women, mean age 58.7 6 9.9 y).
A standard informed consent, which was reviewed and approved by the local Ethical Committee of Human Genetics Resources, was signed by all the participants after the nature of study had been fully explained.
All cases were outpatients or stable inpatients. The inclusion criteria for cases were (1) all cases were interviewed by 2 independent psychiatrists and were diagnosed strictly according to the Diagnostic and Statistical Manual for Mental Disorders, Fourth Edition criteria; (2) the age of all cases was from 18 to 65 y; and (3) all cases had at least 2-year psychiatry history. The subjects were excluded if (1) they had other diseases, such as diabetes and hypertension; or (2) they were biologically related to another study participant; or (3) if they had IQ < 70.
Normal controls were chosen from random population. Volunteers who replied to a written invitation completed the evaluation of medical history, supplemented by questions about psychosis and other major complex diseases. The questionnaires were screened for potentially suitable volunteers to exclude subjects with major mental illness in themselves or their first-degree relatives and those taking neuroleptic medication. Moreover, subjects were excluded if they were clearly diagnosed for other diseases, such as cancer, diabetes, and hypertension etc. Controls with IQ < 70 were excluded.
DNA was extracted from peripheral blood samples of the subjects using commercial kits (QuickGene-610L, Fujifilm). Collection, storage, and extraction of samples were identical between cases and controls.
CNV Screening Strategies
Affymetrix 500K and SNP6.0 Chip. Part of our schizophrenia cases and controls were genotyped by GeneChip Mapping 500K Assay (Affymetrix) with more than 500 000 SNPs and Genome-Wide Human SNP Array 6.0 (Affymetrix) with more than 906 600 SNP probes and more than 946 000 copy number probes. All of chip data were generated in-house, and experiments were executed strictly in accordance with manufacturer's protocol. Additionally, we discarded those samples with SNP call rate less than 95%. We also tested for possible contamination and cryptic relatedness by PLINK and removed susceptible samples. Finally, 155 cases and 187 controls genotyped by Affymetrix 500K chips with an average success rate 98.64% of genotyping were included in the following CNV calling by software Partek and double checked by Software Genotyping Console (GTC2.1, Affymetrix). 28 Five hundred and forty-two cases and 2961 controls were genotyped by Affymetrix SNP6.0 chips, and CNVs were called by PennCNV. Five hundred and one cases and 2830 controls remained in the following analysis after excluding samples that had LRR (the log R Ratio) SD > 0.35, BAF (the B Allele Frequency) median > 0.6 or < 0.4, and BAF drift > 0.01. We excluded any CNV calls overlapping with chr15: 13.6-18.9 Mb by more than 50% of its length. We also ignored CNV calls less than 100 kb in length and with less than 10 probes.
Real-TimePCR(SYBRGreen-BasedRT-PCR).
A primer list can be found in supplementary table S1. HBB gene was chosen as endogenous control in this study. A standard curve for each primer was determined by a set of diluted standard DNA in order to make sure the efficiency of primers (Supplementary figure S1). polymerase chain reaction (PCR) reactions using SYBR Green Dye were run according to standard protocol. For each primer, 4 independent replication experiments of 1 sample were carried out to ensure the results. One thousand four hundred and sixty-two cases and 262 controls were screened, and 1402 cases and 258 controls were successfully genotyped.
CNVs from RT-PCR DDCt data were detected as follow: the relative quantity is denoted by DCt of a certain
pair of primers subtracting that of the HBB gene of the same sample DNA. Empirically, DCt data from a certain 384-well plate obey the normal distribution whose mean and SD can be calculated. If the cumulative probability of a DDCt was higher than 0.99, we concluded a deletion at the probe. If 3 probes consistently meet these criteria, we concluded a deletion in 15q11.2 was present.
All deletions at 15q11.2 were double checked by the following multiplex ligation-dependent probe amplification (MLPA) step and Taqman assay-based RT-PCR.
Validation Methods
Multiplex Ligation-Dependent Probe Amplification. The deletions observed by RT-PCR and SNP chips were validated by MLPA methods. 29 Probes and figures were listed in the supplementary file.
We designed 12 primers, 10 of which were specific for those 4 genes and 2 were endogenous control probes. DNA preparation, ligation, PCR amplification, and capillary electrophoresis were carried out according to the methods of Schouten et al. 29 The sequence of the labeled primer is 5#-GGGTTCCCTAAG GGTTGGA-3# and that of the unlabeled primer is 5#-GTGCCAGCAA-GATCCA ATCTAGA-3#.
Analysis of the MLPA results was performed according to the criteria of Nygren et al. 30 For a certain sample, the relative signal of a target probe was defined by dividing its peak area by that of control probes. Relative copy number ratio was obtained by comparing a relative signal with the mean of corresponding relative signal of 7 normal control samples. A ratio lower than 0.7 was considered as the signal of deletion (supplementary figure S2 ).
Real-Time PCR (Taqman Assay). Two sets of primers and probes targeting the 15q11.2 region were designed using Primerexpress software. Probes (in supplementary file) were labeled with 5#FAM, 3# Eclipse (Shanghai Sangon Biological Engineering Technology and Servie Co., Ltd.), which allowed each assay to be multiplexed with the control assay, RNase P labeled with 5#VIC, 3# TAMRA (Applied Biosystems). An absolute quantification RT-PCR was performed for each test assay, multiplexed with the control assay, on all samples with an expected CNV event at that site and minimum of 40 controls. All samples were plated in quadruplicate using 2 ng of DNA with a final reaction volume of 5 ll. RT-PCR results were analyzed by Copycaller software (Applied Biosystems).
Selection of Tag SNPs and Genotyping
The pattern of linkage disequilibrium was evaluated using genotype data from HapMap (phase 2, release 21) unrelated CHB þ JPT subjects. Tagging SNPs in the 4 genes were chosen using the software Haploview 4.2 31 with a pairwise tagging strategy based on r 2 � .5 and minimum minor allele frequency � 0.05. Primers and probes of 33 tag SNPs (as shown in figure 1, these SNPs are rs1544285, rs748979, rs4293342, rs12907198, rs2028794, rs1109036, rs1822889, rs7161747, rs2289821, rs12594495, rs6606810, rs1579821, rs4778298, rs2289816, rs4134803, rs17137196, rs17841095, rs1009153, rs6606816, rs999842, rs7733, rs17137380, rs8028189, rs4592619, rs7177395, rs4778258, rs4778334, rs7181789, rs11263683, rs8027341, rs7168367, rs7166056, and rs8040695) were then synthesized by Applied Biosystems as TaqMan predesigned assays. Among the 33 SNPs, 2 were in TUBGCP5, 19 were in CYFIP1, 3 were in NIPA2, 5 were in NIPA1, and 4 in intergenic regions.
The standard of 5 ll PCR reaction of each SNP using TaqMan Universal PCR Master Mix was carried out and then genotyped on the ABI 7900 DNA detection system (Applied Biosystems, Foster City, CA) according to the manufacturer's protocol. 
Statistical Analysis
For the deletions, 2 types of association test were performed in SAS to evaluate the risk of CNVs: 2-tailed Fisher's exact tests and the stratified CochranMantel-Haenszel (CMH) exact tests. For the CMH test, we stratified our samples by different platforms to the overall association. The Breslow-Day test was also performed to assess the homogeneity of the ORs across the strata. For each SNP, deviation of genotype frequencies from Hardy-Weinberg equilibrium (HWE) in controls was assessed by a v 2 test with one degree of freedom (1 df). Risks were evaluated using ORs with 95% CIs. Associations of case/control status were evaluated by v 2 tests with 1 df for alleles and 2 df respectively for genotypes.
Allele and genotype frequencies, Hardy-Weinberg equilibrium, ORs with 95% CIs, allelic and genotypic associations, were calculated on SHEsis (http://analysis2.bio-x. cn/myAnalysis.php), 32 an online user-friendly platform with integrated analysis tools particularly suited to association studies. SNPs with P .05 were subjected to 10 000 times permutation on PLINK 33 .
Results
Association Between 15q11.2 Deletions and Schizophrenia
After validation, we confirmed 1 deletion in 187 controls (figure 2) in Affy 500K chip experiments; we confirmed 5 deletions in 501 schizophrenia cases and 5 deletions in 2830 controls (figure 2) in Affy SNP6.0 chip experiments; and we confirmed 7 deletions in 1402 schizophrenia patients in RT-PCR experiments (table 1) .
A 3-fold increase of deletions were observed in cases over controls with OR = 3.2 (95% CI = 1.2-8.5) and P = .026. We also stratified our data by different platforms and calculated CMH P = .014 and OR = 4.45 (95% CI = 1.36-14.6). The Breslow-Day test (P = .13) showed that there was no OR heterogeneity within the strata. Up to now, there have been several reports on the association between 15q11.2 deletions and schizophrenia, which were summarized in table 2 for comparison. Although frequencies varied across studies, populations, and platforms, the average frequency of deletions in schizophrenia cases across different studies is ;0.6% and in controls is ;0.2%.
Associations Between Tag SNPs and Schizophrenia
Two SNPs (rs1822889 and rs2289816) failed in the experiments and 4 SNPs (rs4293342, rs2289821, rs12594495, and rs8040695) were found to be in deviation from HWE in the control samples and were therefore discarded. Two SNPs in TUBGCP5, 14 SNPs in CYFIP1, 3 SNPs in NIPA2, 5 in NIPA1, and 3 in intergenic regions remained. P values less than .05 were adjusted by 10 000 times permutation. Data of all genotyped SNPs were summarized in the supplementary table S2.
The most significant SNP (as shown in table 3) in schizophrenia was rs4778334, which located between NIPA2 and NIPA1 (OR = 0.72, 95% CI = 0.60-0.87, allelic P = .0056 after permutation, genotypic P = .015 after permutation). We also found rs1009153 (table 3) in CYFIP1 remained significance after permutation (OR = 0.82, 95% CI = 0.73-0.93, allelic P = .044 after permutation).
Discussion
The interval of the deletions at 15q11.2 forms part of a larger region of chromosomal instability, which has known associations with mental retardation, severe speech impairment, AS and PWS. At present, the difficulty of determining whether a given CNV is pathological arises from our rudimentary knowledge of mutation rates and population-distribution statistics of CNVs. By screening a large number of schizophrenia cases and population controls, our data suggest deletions at 15q11.2 (chr15:20.3-20.8 Mb; hg18) were associated with Schizophrenia in the Chinese Han population. A limitation of our study is that we screened deletions by 3 platforms. However, in order to minimize the false positive calls, we validated each CNV by another 2 independent experimental methods, as described in the ''Methods'' section.
There is a consensus that several CNVs can be shared by clinically different psychiatric disease. The pleiotropic effects and phenotypic diversity of the CNV may be considerable (data are summarized in table 4). Doornbos et al reported 9 cases with a microdeletion at 15q11.2 between BP1-BP2. 34 They carefully evaluated the clinical features of the 9 patients and found several shared features, including delayed motor and speech development, dysmorphisms such as long fingers and behavioral problems (ADHD, autism, obsessive-compulsive behavior). De Kovel et al 35 reported that microdeletions at 15q11.2 were observed 12 times in 1234 idiopathic generalized epilepsy case and 6 times in 3022 controls. Screening of target CNV loci in children with unexplained intellectual disability by Mefford et al 36 also showed that a 6.5-fold increase of the 15q11.2 deletion in cases. The role of 15q11.2 CNVs in other psychiatric disorders like ADHD, major depressive disorder, and bipolar disorder needed further studies.
We also tested the associations of common variants at 15q11.2 by genotyping tag SNPs in 1144 schizophrenia cases and 1144 normal controls. Twenty-seven SNPs were successfully genotyped and analyzed in the final association tests.
It is very interesting that rs4778334, which located between NIPA2 and NIPA1, was the most positive SNPs in schizophrenia. Up to now, there has been limited literature on the function of NIPA2 and NIPA1 in psychiatric disease. Chai et al 37 mapped and characterized these 2 genes at 15q11.2 and suggested that these encode for a receptor or transporter. Follow-up studies 38, 39 proved that both NIPA2 and NIPA1encode for Mg 2þ transporters. We also found that a common SNP in CYFIP1 was associated with schizophrenia. The most significant SNP in CYFIP1 for schizophrenia was rs1009153 (OR = 0.82, 95% CI = 0.73-0.93, allelic P = .044 after permutation). Since CNVs at 15q11.2 have been reported to be associated with psychiatric phenotypes, CYFIP1 has been highlighted 8, 19, 25, 40 because of functional relevance. By tagging common SNPs in the gene, our study has provided further evidence of the involvement of CYFIP1 in schizophrenia. CYFIP1 interacts with both Fragile X mental retardation protein (FMRP) and Rho GTPase Rac1, which is involved in regulating axonal and dendritic outgrowth and in the development and maintenance of neuronal structures. Napoli et al 41 reported that CYFIP1 was a binding partner of FMRP and directly binds the translation initiation factor eIF4E through a domain that is structurally related to those present in 4E-BP translational inhibitors, to repress translation of several mRNAs in the brain, including MAP1B, APP, and aCaMKII. They also pointed out that the complex responded to synaptic stimuli such as brain-derived neurotrophic factor that stimulates translation via mTOR and ERK-MAPK pathway at synapses and dihydroxyphenylglycine. Interestingly, a recent study 42 identified the AKTmTOR signaling pathway as a critical target of DISC1, which had long been recognized as a predisposing gene in schizophrenia in regulating neuronal development. These findings provided a framework for understanding how multiple susceptibility genes identified in association studies functionally converge into a common pathway and contributed to the etiology of certain psychiatric disorders. Note: MLPA, multiplex ligation-dependent probe amplification.
In conclusion, we confirmed the association between deletions at 15q11.2 and schizophrenia in the Chinese Han population and provided first evidence that common variants in this region were also associated with schizophrenia.
Supplementary Material
Supplementary material is available at http://schizophreniabulletin.oxfordjournals.org. 
